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(54) ON-CIRCUIT ARRAY PROBING AUXILIARY PAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an IC chip which can be tested 
before bump bonding, without damaging bounding pads by test pins, by 
providing auxiliary test pads electrically connected to the bonding pads. 
SOLUTION: An integrated circuit device has an integrated circuit, input/ 
output contact region, two or more metallized layers M1 and M2 and two 
or more bonding pads 12 and 14 electrically connected to the contact 
region. It has two or more test pads 16 which are formed on specified 
position of the top face of the integrated circuit on the upper layer M1 
or M2, electrically connected to one of the pads 12 and 14, and disposed 
not so as to locate on those circuit elements or metallized 
interconnection which will be broken when the test pins are contacted 
with pressure. 
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[ 9h m m w m m i 

1. Title cf Id vcnticB 

ANCILLARY PADS FOR ON-CIRCUIT AXRAY PROBING 
2 Claim* 

1 . An integrated circuit device c onsp rising: 

a integrated circuit ma i a body, said integrated circuit main b c : y ha 



r i q g a first surface and a s e c c d d surface. 


said i o ■ e g r a i c rj c i r c c 


; s ma : n 


body having a multitude c f circuit e 1 e £ e o i 


s formed I c a f i : s i s c 


r f a c e : 


c r e o f : 






raore than une I/O contact area formed 


cn varicos cl said my! 


■ ? t l! C f C 


f circuit elements go said fiisi surface c 


f said ictegrated c i r c 


nit main 


bod* Said rfiorg t b a o cqc I/O contact area 


p e r q : \ ; n i 1 1 e c ; • i c a : 


c c n t a c \ 


between said n u J t i l a d e cf circuit c I c re c o i 


i and with eiectrica; 


d e v ■: c e S 


e x t e i o a i t c said integrated c i i c u i i device 






m c r s t b 3 b c a e layer c f mcialiiilict. s 


« i d cere than c n e I a y e 


r c f r&e : 


a I t z a ; i c o being f c r m e d o a said first s a : f a 


j e cf said integrated 


circuit 


aaio body i c ccntac: with various of said 


more t b s i cue i /0 c c c : 


a c i area 


s and f o \ tu i c g a o c t * c 1 1 c f ra e : a 1 i i a i \ o a be 


: * e e o iri ait'-s? s a i a m 


u S : i 1 a a 1 


cf c 1 r c u ; : elemeDts. such thai said ros-ti 


t o d e cf circuit • 1 ccce r= 


; s are f. 


lecuicaliy deflected t c f 5 1 n. i p r e d « i e r it i 


o e d c i r c c*i ». . said mc r e 


than r,; 


e lay;r cf me t a 1 i i a i i c i being i c s u : a : c d 1 ■ 


c it; each ether by mere 


than ere 


layer c f c i e 1 tz t r 1 c ma i e .• i a i : 






m c i e I h a & c n t b c i £ i d g pad f o : tr. ; s c c an 


upper i s y e r of s 5 i d mere 1 a 2 a 


c n e lave: c f & e 1 i ! 1 1 a i i c n a : p : c s 2 i t r so i i t 




■: p £ c " f a 
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ct of said integrates c i r c t : : id d i 3 b s d y . each c I £ a i d race than c 3 e bene 
tog pads being i q c ' e c L r i c • I c c t a e c ■ i c c * i ; t c n e cr said mere than c n t i 
/ 0 contact areas c f Said t t r i c 0 5 circuit e i e m e n i s , s 0 c h that e s c fc c ! sat 
d core t b a 0 c c t b c 0 d i 0 g paii is in c i r 5 e p r c 1 i us i t y : c r h e corresponding C 
i r c u ! t element that it is e ! « c t : i c 2 ! i y ccRiec:ed r c ; a r. d 

mere t h a 0 one test pad f c 1 ro e d c r< sale upper layer c I Said acre than 
coe layer of metal i 2 a t i 0 a at predetermine: locations acres* a t c p S a r f a c 
c c I said integrated circuit main body, each cf said rt c r e than cnt test 
pads b c i o g in electrical contact with ges c I said mere that ere b c r. c i r« g 
p 3 d s . s a c b that each c f said mere I h a a one test pais is p c < i t i c 2 e ci in E r 
c b a maaac/ as to 0 0 * layover any circuit e ; c e e : t cr melJ ! - lat ice line t 
ha l c a a be damaged » b e a ten pins are b r a « f b • i 0 t c pressure contact * i t ii 
each c f said mere than coe test. 

2. Ad integrated circuit device ccrcpriiiag: 

a i 0 1 e g .* 1 1 c ri circa:! male body, s 1 i J i a l e g r a : e A c i 1 c t i ■ main b c a y b a 
v i d g a first 5 u r I a c e a 0 rj a second S y ? f a c « . sale integrated circuit m 3 : r 
body having j a a ! 1 i 1 «> 2 e c f circuit e 1 e ro 5 1 1 • f c : m e a i 0 a first surface t h 
c r c 0 I ; 

mere l fi a 3 c l 5 I/O contact area f c : ro e i 0 l varices c f said m 1 1 : i t c d e c 
[ circuit elements 0 d Said first surface of said i n t e ? r 3 : e d c i ■ c u : : m 3 i * 
b c d y , said mere 1 h 2 a c it e I/O celiac: area c e r m : : : i n g e ) t c ■: r i c a i contact 
b e : * e e s said o a 1 i i : 1 d e of c i : c v ; : e I e as e r. : : a r d * : : h e i e <: t r i c a i devices, 
external :o (aid integrated ci:cti: device: 

five c ; m u 1 e layers c \ m i: 1 2 : i 2 a t i c a . said f i • e or mere layer: 5 ? met 
a S i 2 a -: i c t being formed c s said ! i : .5 ; e u f f « c : cf said integrate:' circuit 
msin bed y in r c e : a c : v\\h varices c I iairJ -n? r c than esc I/O c 0 s : a c r a ** e 3 
s and Icrmlr^ j eetscrfc cf m e 1 a ! i j a : i n r. bz:*tt:. a 5 c a a. q ? £ 3 i i ' its i x : i s :e 
cl ci'ccit elements. 5 £ r. h that saic 3iu;:itE: ; ? c I circuit e i t t, z z \ l a f c c 
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I e c I r teal 1 y c g n c e c t c d t c f c r m a predetermined circuit. Said f i v ? c r m c r e 

layers c I me i a I i 2 a t i c n b s ; n g i d s s i a i e s from each c : h e r by five c r more 
layers c f dielectric material: 

mere than cue b o o d i o g pad f c ; s e c c a a upper i a r e : c f said five, fi i rn 
Die 1 a 7 e r s c i rc c X a ! i : a t ! c a at predetermined i c c a t i o a s acre?? a top s u r I a 
re of said Integrated c i r c u i i id a i o bed?, each c f said more than ere b fi n d 
i n g pads being in e 1 u c i .' i c a I CGDoeci ice with etc c r s a i c mere than one I 
/O contact areas c f said » a i i u u s circuit e i « mc n t s . such that each c f s a i 
fi mnic than cue becding pads is in ctose p r c x i n I *. ? te the cGfrcspcrriing 
circuit t i e me d t thai it is e \ c c t r i c a ■ 1 j ccunetted t c ; and 

mere t h a a c d e t e s [ pad formed e c s \ : d upper layer of said f i » e c r n c 
i e layers of netal-itatico at p ; c d c i e r a: \ o e i ! o c a t i c n s across a t c p s u r f a c 
e c f said integrated circuit ma i o body, each of said rmic than o e e test 
pads b e i n g i n electrical c e o t a c L * i i h ere <i ! said mere than o a e b c a a i c g 
pads. 

3 . A method c f p : e f 'J i in i g g testing c f a o integrated circuit device p 
r i e j t n bump bonding, said mc i h c s c c m p r i s i o g the steps of: 

( a ) p ■ c t i s i c g a scmiccodactcr s i b s : t a : e having a n ! o * a ' i < y o I c i i c u i 
t elements formed in a firs: i h c : c c ! : 

( b) prevising mere t h a s c a e I/O c c e : a c i area f o*i me d c fi v a - i c o = of s s 
id mu'titerie cf circuit eieseats c r said firs: s c r » a c e of said s?rn:cc&da 
etc: substrate, said mere thai; i; a c i/0 teniae i area permitting e'ectrica 
i c c n t a c t between said mu.-titade of cirroi: elctneatJ a c d * : : h e-ectrica! 

device? exierns! :c said integrated c i r c s i t device: 

;c) providing rncrs than enc layer cf m e t a i I * a : i c a . Ssid mere :har. en 
e laye;« c f m = : a I i z a ? i s a heing Icrmed en said first siriace cf said semi 
ccoiuctcr Substrate in < c a r a c 1 * : r. fc v a r i e 2 • 0 f said mere : h 3 s 0 r. e i/0 cc 
otact areas a sd firming a r.e r wc : k c I me • a i i 2 a I i ot between an: amu a 2 sale 
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multitude c 1 c ! r c ii i i t '■ e nr. c n t s . s u c b that said m s i t i t u d e c f c : r c b i t e I e it 
cots are c 1 c c i r i c a ! 1 y ccnocctec t c form a picrfe tcrmiacd c I r c b i t . said c c 
i c than cue lave: c I ra e t a 1 : i a t i c n b e I a g insulated from each ether by rr. c r 
e [has coc layer cf dielectric mate: i a ) : 

Id) providing more than one bending pad termed ca an upper I aye: of 
said mure than cne layer cf me t a I i i a t i c n at p rc de • e run oed locations a<:c 
s J a top s o r f a c e a I said Femiccoductc: substrate, each c f said mere than 
vne beading pads being : & e i e c i r : c a ) c o o c e c t i c a with cne or said mere t 
has uoe I/O contact areas cf said various circuit elements, such that ea 
ch of said mere than coe b G o d i n £ p a £ j s in clcse p r o x i cc i 1 y it the c c r r « * 
p u o d i o g" circuit element that it ! s e ■ c c t r i c a i i > c c n n e c i e i u : 

( e } providing mere than coe test pa: \ c i m e d en said n p p e r layer c f s 
aid more than cne layer c f m e t a i : z a t i c o at predetermined 1 c c a i i c n 5 acres 
s a top surface of said semiconductor s c b s : i a t e : each nf said mere t b a c 
cne test pads being in clecirica i i: u a t a c t » l t h c n t c i said more than one 
bendiog pads, sscb that * fc e n a tesi pin i i brc-jgbt into p r e s s 3 r e c c a t a c 
t with each c f said mere than coe Ids: pass, acne c f said plurality c ( c 
i r c a i t elements under I y i e f said mere than cn? test pad are damage:! and a 
oce cf said mere than coe bending pads are damaged; 

[ f ) bringing a test pin i n i c pressure c c s t i c : * ? : each c f said m c ; f 
t h a s cne test pad*; aid 

[g; Fhiie said res: pins art in ccstac- *iih e * c h n I said mere ihas 
cne test pads, p e r f c r m i n g a p r c d c : c r m i c c test : c ascertain * h e : n e r s a i fi ' 

integrated circuit device is defective. 
3 . Detailed 3 e s c r i p ; i c o c f I a v c c t : « n 
FIRLD OF THE INVENTION 
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The p r e s e 


n •: i n ve d : i c o relates 


g e 6 e r a ! 1 y t c the fie 


id cf intcgrat 


c d c 


i r c u i t device 


s and more p a r r i c d ! 3 ; 


! ? 1 c c s - c i r c u i t i e s 


1 i Dg q f i a t c g i 


atcd 


circuit chip 










BACKGROUND OF 


THE INVENTION 








As cue j e a 


ni more t r a n 5 i s t c r e a 


t d c i r c o i t r y are pot 


ontc a single 


i n t 


e g r a 1 e d < i r c n 


i £ chip, integrated c 


i / c « i t ma c u f ac t ui t i s 


have f c u o z it 


o e c 


e s s a r y t c m c v 


e I/O bonding pad* in 


! c the middle cf the 


c h : p . as c* ? p c 


scd 


to merely u t i 


1 i z i o £ the c c t e r peri 


p h e • ; c f i h c chip f c 


r the I / 0 bond 


iog 


pads. This s 


i t u a i i c o has arisen b 


ecaoSe there is cot 


enough p c r I p b c 


r i a 


i e 3 for 3 1 i g 


f the bonding pads c f 


high d e o s • i y i n l t % r 


a t e d l i j c u i t s . 


A! 


s c , r c a t i n jr, c 


o t tc bend i d g pads en 


the periphery c a u s c 


s delay and i i 


n e r 


« s i s t a a c e pre 


b 1 ems , d c t t c hi e n t i c c 


the saleable ? i 1 i c c 


n area c a t e t a 


u by 


the i q u t i a g 


cf 500 - 1 000 cr mere b 


end in? pad? nut i c t 


he periphery. 


Lay 


cot f o j chips 


with periphery bend i 


ng pads is general!? 


driven, a ra c a g 


o lb 


e r t h i a g s . by- 


delay critical c i j c u 


it elements, such as 


the clock, ha 


v i D g 


te be placed 


as c i c s e to the peri 


p h e ; y as possible in 


o r d c : t u mini 


m i 2 e 



delay issues. 



A typi 


c a I i n t e ? r 


area circeit chip 


t od a ? 5rj ; h mc r e 


ih 


a a 


2 f C"* 


lie 


n d j c d 


I/O »i i ! 


genera: 1 y 


bare bene leg pads 


a : r c ; £ lbs s s r f a 


c c 


c 


f ihc 


chi 


?• F 


lip chips 


I e n t r a M j 


have b c n d i o g pad? 


across t b e < a r f a 


C C 


c 


\ the 


Chi 


■ 


Bonding pa 


d s a c rc s s 


the s c ■ f a c e of tie 


chip trinirciic u 


I 


e! 


in i o a ; 


e 1 


i d e d 


e i a v . r e s i 


stance a o d 


ccisc issues, as 


bonding pads arc 


% 


e n 


e : a 1 1 j 


a b 


o v e c 


f i o v t r y 


close p r c x 


1 it i : v ;c the c t ; r e 


s p o s d i c g f ,/0 c i r 


C D 


i t 


e 1 erne 


n t . 




As i o i 


e g i a i e s c i 


* c a i t S '! 1 C s ) b e c g m 


c mere a a i rcc ; e 


C 0 


EV 


1 i ca t? 


d. 


tes : i 


d g a : s c be 


c c tn e t m c ; e 


c cjrp I ex . Genera! 


! y . 1 C s may be t 


v S 


te 


d at t 


he 


die i 


eve!, the 


package 1 e 


v e ! and the bears 


! e v e ! . faring t 


be 




es : t r,a 


rice 


: c r m 
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a 11 o ( a c t u r i o g process, it is a d v a n i 3 g e c a 5 I c detect defective i n i e g j a t c d 
circuits as early as p c s s i b : e , in order to p : e t e o l unnecessary { a n g cesi 
i y ) manufacturing steps. Accordingly, t e s t i o g at the die 1 c v e ! . u s o a \ \ j 
*hiie the chip are still id wafer Urrr. is ?e;y imp or l id! I j ym a ruanuta 
c 1 1! r i n g c c s t perspective. H c * e t e r , die level testing p r g b 1 e ro s a : i s « f r. r 
ICs that hare b o o tl i n g p a (3 5 acres?, the surface of the c b i p , as t e s r a c c e 
s s if g e o e r a II y gained via test probes b e i o g brought tote p h v s i c a ! and e 
I e c t r i c a I c c a t a c i » j i b the bending pads. 

Seme of tbe test i a g problems that t v p i c 2 M v resui: with bend Id? pads 
across the Surface- of tbe fC chip !GcU:e tbe test pins damaging the be 
q i 1 a % pads so thai a b 5 m p bend n I I ! net adecoaie: ? form c 0 i fe e bonding p 
ads or the pressure cf tbe test pins making c ootid vita the bending pad 
s mar damage under 1 y 1 a g circtjirrj. Mac? IC mi on f ic 1 1 1 e r s h a 7 e addressed 
these problems by performing die level test i d c after the bump bond? ha? 
e been formed on the chip, which a Mews the bump bend tc make c n n tact *i 
rh the test pin and absorb the pressure therefrom. Tbe bump bends are f 
heo / e f I owe d in eider tc repair aoy damage from the test pins making pre 
S S o r e contact with the bump b C D rJ F. . II c* e v e r . this is a relatively e 1 p e n 5 
i v e s 0 1 g t i q 0 as the step c f bump beading is expensive if a chip has 500 
1 0 0 0 0? more bending pads ic he bumped. r e c 1 e r . per J e ; ra : n g bump bond: 
D S a significant Ci umb e f ef baa chips, each cf *hicb has 5 00 - 1 0 00 c: a: 
ere beading pads, wastes ms n e f ac t ur i ag ;escs:<e«. This ipprcicls also ai 
a s a c additional to 3 0 a f a c i 0 r i e g step c f r e f 1 c * i g g tbe b u flip bend; 1 e : e p a ; 
r the damage causes by the tesi pins. 

A c 0 1 b c r s e I 0 1 i c n t h a t IC m a n u f 5 c : t r e ? s h 3 •• e used t c a d si : t « 5 the a b s v 
e probi^as is ic p r 0 ? i d e at oc chip test circuit *::n a e d 1 c a *. e d : f s : pad 
s that da net p. t r d r c later h a * e b t ni p b u 1 4 s termed t h e r e c a . c 1 to r 0 1 : c 
a f c "ft" -est pads tc a particular area < r, tbe chip - cfrea tee periphery. 
Tsit if a!?c cot a s a t i s f a c t fj : y 5 n j k : i c n . as these tests are fencili} 
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very minima! tests. T c i c s t i f y t b e expense, o t % c i o g I r c IB 8 i e i : wafer] 
evel lo packaged c b i p « . macufactnTers v n u I vi ideally like to knew »' 1 1 1 h c ; 

a chip is fully functioning. 

Accordingly, it would be d e s i ■ a b ! e to snive the abeve prubicrcs by pr 
o v i d i c g a o 1 C chip that can be retted for defects prior to bump bending 
without causing an? significant djmage tc the bending pads cr the circui 
try uoder the bonding pads. 
SUMMARY OF THE INVENTION 

I i is ao aspect of the presen: i c rentier, t n prs«;;de an IC chip that 
bat beading pads across the surface el the chip. There the chip en be i 
c s t c d p r i c i to bump o g d d i & g tr i t a o s t the b c n i i n fi pads being s i g a 1 f i c a & I \ ? 

damaged by the test pios. 

It is anclber aspect of the present i event ion ic pre vide an I C chip 
that has bcodiag pads across the surface of the chip, where the chip can 

be tested piicr tc bump bcadicg without the circuitry nnder the bending 

pads being sigoificaitl; damaged b? the pressure cl the test plot ccota 
ciing the bonding pads. 

The abeve and other aspects cf r h e present i r t e a i i t c aie acccmp 1 i she 
d c i t b an integrated circuit chip that has bending p s d s a c I c s § : h e S a r f a 
c c c f the chip, where any bonding pads t h a * need to be accessed in c r o c r 

tc luliy test the chip have a a aociiia'v ses? Par. electrical!? rcsoecit 
d i he r c ; c . 

DETAILED DESCRIPTION OF THE PXEFEKS6D EMBODIMENT 

Figure I shows c f c s 5 - ? e c t i o k a t . c e t - a * a f * i e * c f a p c r : i c n c f a n 1st 
e g r a i t a circuit device a c c g ; d i v. g i c a firs: embed = m e n t c f the p r e s r n i in 
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rent ion. Figure I is a Q integrated circuit device » i L ii three layers c f 
metal izaticn Ml, M2 . and M2. Bending pad 14 is connected U tbe collect 
or of transistor 22 through second level metal iiatico 18 and first level 
metal iiatioD 2 0. .A ! t h c o g h it is idvaeiagecuS U Lave bene! i eg pad H in 
as c I c s e physical proximity t c the c c 1 1 c c 1 c r C f t f a o s i s t c : 22 as p o s s i b 
t e . it is not a d v a D t a g e c o s t c use b c e d i □ g pad 14 for t e s I i a % p u f p a s e s . a 
s the iiventciCs) have f c e o d that t e 5 1 pins tend 1 c damage b c o d i o g pads 
to such an extent that the bead ins pans a 3 e uoabie U maintain a bead * i 
t h a bump bend t b e i e a 1 t e r . M c : e c v e : , the i n v c c t c r ( s } have f o u a d i b a i in 
integrated circuit devices with three u r fewer mcta i izaticc layers. : h e 
pressure resulting from preforming tests above certain circuit eSeraenis 
£ e . R . . thin gate oxides aod thio meialiaaticn liacs) tends Ic cause dam 
age tc the underlying circuit (e.g.. < b <? r t S ) . Accordingly, the inventor 
( s ) h a * e discovered that r c o t i o g the c c i S e c i c r c c a n c c i i c n I c a test pad 
IS that is not c v e r : y : d g any critical circuit elements suites this probl 
em. 

Specifically, test pad 16 is electrically equivalent tc bending pad 
14, as both pads are electrically ccaacclcd t c the c o I I c c t c r of t r a n s i s t 
ct 22. However, test pad 16 is overlying at isc'aticD region 24. *h;cfe 
is in substantially oc danger cf be lag damage: fret* the downward fcrce c 
\ a t e s t pin ceding into contact v i ; t t e k i pad 1 6 - Accordingly, it is P 
c s s i b I e to teste bending pads across the s a ■ i a c e u f the integrated circa 
it device 10 s c t h a : -be renting lines have s s ! : I i i e d e I a v , resistance. 

aod n c i s e as p c ? s i b i t b e t * r c r. the r : : c g i • I/O e S e is e n : s and the c a i t e s p c 
n d i n g b c c ti i o g p 3 d ( s 5 • And a : the ?. a m e time, as? circuit \/Q e 1 e m c i ; s lb 
2 1 need to be functionally t e « r e c car- have a s e c ! i : a r v t e s t pad c y o d c e t c 
d ihercio aod r c c t e s to a piace cn the Surface cf thr. i&:e|Fited circuit 

device i h a -. is do: overlying any circuit elements :.ha* can p o U n : ; a i i y 
be damaged from J he pressured c a u s e c by the t e s : pics c c rt i a g i n : c c c n t a c 
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t with the list pad. 

This has a three fold advantage c I ( 1 ) saving u o d e r i j i a g circuitry f 
rem potential damage caused by the do*n»-aJd forces gf test i o g piss. (2) 
saviof the bonding pads f i en be in? damaged by ibe testing pios. (3) aod 
p e i id i : t i q g the bending pads to be in as close p : c x i m i t y t c the ecrrespes 
ding circuit element as possible in order ic minimi le line delay, resist 
ance and noise. It may- a 1 s c simplify mctalizatico rout i e g . since 5 0 0- 1 0 

0 0 or more bonding pads d c o c ; have t c be Touted f r c ro their respective p 
csitiens across the surface of the chip to i he p c r i p li c r J cl the chip. 1 

1 s h n o I d also be noted that e y e a t h u u g h t c i t pad 16 is s h c *& in c i c s e p r 
c ic i m i £ y c r, hooding pad 14. this is not necessary, test pad 16 c c t i d be : 
noted ic another location ii the area a ; u t» n c bending pad 14 is crowded b 
y other bonding c r test: pads, c r if this e n d e r i v i o g area is c r c * d e d * i i h 

circuit elements that hare a high probability cl being damaged by the p 
r e S S ii t e of a test pin c c m i n g i o t c c c n r a c ■ » i t b a test pad. T c s i pad I 6 
e c u l d be rooted to virtual t y a o y i c c a t i c n o o the s d r face of the chip, e » 
en a periphery location. Since test pad 1 5 is f o ; ieSLing, aod test pad 
16 is not critical to circuit p e r f u : m a n c c : it is n c l critical that test 
pad 16 he in as e 1 c s c p ; ox is* i y to the c o r r c s p o n rj i o g circuit element as 
i : is f c ; bending p a ri 14 : c- b 5 is as close p r o :< i m i i y to the c c r r e i p a i i 
ng circoit element (ccllectci c; : : a 2 s i s t c ; 11) as possible 

I ■ should a ! s n be n c t z 3 thai besting pad i 2 v c u 1 d be a b o c 6 i o g pad f 
or another circuit element 3 r, t s h c * s } . Pad 12 v? e u I d probably net be a 
test pad as i : . is q ? ? r 1 y i n g the base c I transistor 22. [ f the circuit e 
I e m e c i t o w 1j : c h bending p a ri 12 ccrirf. poods i ?. to be tested c u f i c g 0 ^ c '. t 
?ei testing, than at ancillary -fjiing pari C n n ; she«o; wcuid b: luuted : 
o an area on the surface c f the i n : t ? r a ! e ri c i r c o i r chip such thai the t e 
si pad * c e 1 d d c t be overlying any circuit e 1 e id t c ■ that ecu Id p o i e g ; i I ! I j 
be damaged lice the pressure of the test pin c o the test pad during d : e 
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level testing. 

It should also be c g t c d that altbcogh FiguJC 1 shuws the rcciiug cut 

U the test pad 16 occurring at the second rac I a 1 i 2 a I i c c layer 16. it co 
uH also have occorred at the first cetaliri:icD layer 2G. Tfc i s would b 
e a matte? cf rcotirg and I a J c o t desigo choice. 

Figure 2 shc^s c f o s « - 5 f c t i c n a ! . cnt-a*af fie* of a pen ice of ao iot 
eg rated circuit device according tc a second embed im e n i c f the pre sect i 
d v e d i i o n . Figure 2 is an i o t e g i a ; e rl circuit device t 1 b five layers of 

net al iaai ion Ml, M2 M3 , , and MS- Bcoding pad 45 is ccoDCdcd la lb 
e c c 1 1 e c t c r of i t a o s i s \ c i fi 4 t h r c z g r. I n u : t h level ra e : a 1 i 2 a i i 0 n 50. l h i r d 

metal izatioQ layer 5 < . £ e c c 0 d m t i a i i r a 1 i c n lave: 58. and first U r t 1 at e 
t a 1 i 1 a i i 0 0 6 2. A it h c u g b it i £ advantafiecas ; c rente bonding pad 42 ic a 
s close proximity a* possible tc the corresponding circuit c I em c d i 1 1 h c 
collector of t r a n s i s t c r 64), it ■: S net a s v a n t a g e c 2 s t Q use bead in? pad 4 
2 as a lesliog pad, as tie p r e s s > r e cf the test pirj co the bonding pa 'J t 
cods tc damage the bcodiog pad tc such a r? ex: eat tbat the hoodie? pad is 

unable tc fern ao adequate bump bead thereafter. 

Accordingly, the i n r e n t f. r ( ? ) hate i i f. c. c t e r t d chat elect ficaily c c n a e 
cting ao aociilar)' test pad 4 4 it the bending pad 42 or the correspendin 
g circuit e 1 e id e c t (the collector of t r a 0 £ i s i c : 64; "selves the above p r 0 b 
I c re . The i d v e d ! 0 1 C s ; b a v < further s : s c c v c : e rf i h a : i o an i n t e g 1 a i c d c i r c 
0:1 device v I ; h five or mere i a y e - s of m e t a 1 I z a t ; c s . there is no need 1 c 

r 0 a i e the ancillary test pad 44 t c an area c ' the chip t b 3 : dees out c v 
e r I y any c r i 1 i c a ! elements, because underlying c i r c 11 i : elements arc gene 
rail v not carnages! by 1 h e pressere of test pins coming into c c 1 1 a c : * i ■ h 
the test pad 4 \ 1 . is believed that this p z e 0 c * e n c n is d u e r c the hard 
r. e s =. cf the dielectric layers CD ! EL - 1 , Bl EL- 2. Q i EL- 3 : D1EL-4, and Dl EL 
- 5 ) and the relative s c I i 0 c s 5 of the B! e : a S i 2 a : i z 5 layers -Ml. M 5 . M!!> . 1M 
: and MS) act as a j a 3 d vr i c h type i h >i c k 1 b 5 g J b C ' i c r the pressure of the 
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test pins coming i o i f, c c c t a c. I with the t 1 s 1 pads. A c c c r d i d g I y , the p 1 a c 
e m e a { c f test pad 44 is g n v e r n e d b « rcuiicg/liyoft design preference, fa 
i b e ; than by i i j : n g to a r c I d specific underlying c i f z b i I e i e me o L s . 

It shcold be noted that hooding pad 42 and test pad 44 were labeled 
random! jf, thus, 12 c c a 1 rJ have been selected as the test pad, «"b t c b means 

i b e test pad would be directly c v c : the collector i e g i o n of t f a n s i s 1 c i 
54. Most likely, do ring r c e t i fi g/i a y o s i , the lecatue thai *ai io closer 
physical proximity t c the enrre-pocding circuit e 1 < m e o : * u ! d be c b c s c d 
as the bcodtcg pad. Although, there are a f e t r c e i i d g/ 1 a r u o t cens idcra 
tiCQ that could change this choir, e . For example, a ! t b <; u g h act s h c *■ o in 
the Figures, a bcodin? pad is a pprci iraa te I ? ball c! the size uf test pad 
in cider rc compensate for the gscmetrifs a a d error u 1 the tcs: pins ma 
king contact with the test pari. There are a I f c r c * t i o g/ layout rules as 
tc bow cicse a bending pad can be ic cert a it ether elements in layout in 
order \ c avoid s h 5 r t s . However, regardless of whether pad 42 u pad 44 
is selected as i h e beading c : the test pad, it £ h c 5 i d be noted thai c t h 
e r than having all bending pads as r. 1 g s e as possible t c their c c t c S p c n u 
i d p circuit e ! e m e n t s , the pes: t i c n of the lest pad is do t dependent cd t 
he iDdeilyiig circuit «Wm*nts. 

I r should a I s c be t n t e d t h. a : a ! i h s n g h i e s i p a o 44 is c o d c c c t c a to be 
ndiog pad 42 and the eciiecrsr n) transistor 64 by msao- of the \ u u : I h m 
e t a I i z a t i c a i a y e ; b e : a g r c a t e h to a c c c rr c i a x e i : . ancillary test pad 4 J c 
o u Id also be connected b 7 a c a c i of the t i r ri meta i ieat ico ! a y e : , the s e c 
ond me i a I i z a t ic c lave: cr th< fi?st it e : a i i z a i I n n layer being rested out 
t c accomodate it. This v c c N he a rent it g/: a t co i design p : e i e : e rj c e . 

Patis 46 a»d H connected tc another circcir I ,A) eln&ct: [not shorn) 
by means c I fourth me la 1 1 z a t en layer 52. third me t a I i za ! ! c fi aye: 6 . s 
ec 0 6 3 ins : a J i z a t i co layer 60 , aod fir:! me t a ! i z a t 1 cn lave: (nc ; E h c* r f ; , 
& T fe I e b e 7 e f c \ pads 46 a d d 4 i is ccnsiserea.to be closer t c the cc; i*spcad 
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iog circuit elemect [sot sbowc) sen id most likely' be the be o sing pad and 

the ether woo 1c probably be the it?', pad. However, it E h c u J d be acted 
thai b u t b pads a / c over lying the base and emitter regions c f ! r a n s i s i c r 
64. Again, it is not icportaot which pad 46 or 48 is the test pad, as I 
he live dielectric layers JD1EL-1. DIEL-2, D I EL- 3 : DIEL 4, and DIRL-5) a 
d d the five I a y e J s of ec t 1 i i i a l i c o (Ml . M2 . M2 ? 134 . and Ma) act as a s a n 
ds-icb type shuck absorber for the press are of a test pie coming ic:c con 
tact w i t b i test pad. The dielectric layers c a a be a o y k o c» o dielectric 

mater ill, such as silicco dioxide, siiicca oitride. etc. The fife i a v c 
r s cf roetaliratioo cao be any known nctalization materia i , sech as coppe 
r, aluminum, titanium, etc.. cr a saodwic hed c crab i n 3 i : c e of any knew a ce 
t a 1 i z a t i o q materials. 

It s h g & 1 d also be acted that alt bough Figure 2 s h c * s the test pads I 
n clnse proximity to the coircspcodiog bo&diog pads, this is net nectssa 
r y . A ! t b c a g b a particular bending pad s h o u 1 d g c o e s a ! I y be as close as t 
he rcoiiag/ layout roles will alio* to the c c r r e s p a nd i d g circcit eiemeot 
in g r d c i i c b i o i m i i e 1 i o e delay, resistance, a c i s e , etc., f c t testing p u 
/poses, these are generally oct issues. Accordingly, a test pad will pr 
n b a b 1 y be i c a t e d to * b a i c ? c i I c c a ■ i o o i ■ e x p e c i e a ! to the renting/ laycu 

oi the eve rail integrated cifcii'. device . The te?t pads; may eves be re 
u : e ri I e the periphery c f the c b : p . 

Accordingly, two e m b c s I m e « t s b a > c been s b c * a lor an integrated c i * c c 
it device that has ancillary test pads that p c : m i ■ d i e /* a f e : level test! 
a g pricr t c bump bend : c g without caasisg damage t c either the b c s d : n g pa 
<is t b e m s e ! v e s c : the g o d e ; i y i t g c I ? c t i i e i e i e a : s . The first e » b c c m e s t 

is tor i a t t g r a t e <i circuit device: wi t fc feci e; r f c>e r ite I a '; i a a : i c n layer? 

Although it ccuio certainly be & s e .i fr; mere than ( c « r me t a ! i 2 a t i on i 
a y e r s , it ncoii cot be feasible : r. s « c r. a explicated esvice as c&c i b a I 
requires mere • h a n four e e t a i : i a : i g n layers tc route all test pa:: to a 
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safe" area c f the chip. The s c c c n d cmbcdimcit is for i n i c g i a » c c c i s c u 
it devices with live c : roc 1 e e t a : i i a ti o n layers, * h c c t b t rac I a ! 1 z a i t c e 

and dielectric layers act 1 shock a b : c ; b c r f c r t ii e p : e « s 0 r e c f the test 

pins coming into contact * i t b the test pads, and £0. r c 1 L i u g the t e s : p 
ads i 0 s 'safe" a 1 e a of the chip is u o c c c c s s 1 r y . 

The for ego log de scr ip t i cq cl the f> : < i e d t 1 d v « d 1 1 0 s has been preseote 
d f r 1 puipcses c J i 1 1 1 s 1 1 a 1 i Q 1 and i e s c r i p -. i c n . I: is nut 1 n L c n d c ii l c b 
e exhaustive or to limit the i n v c n i i c 0 to 1 1 e precise form d i s c 1 c 5 c d , an 
ri other mo d i ' i c a t i tin s and variation ita? be possible ; a iigh: cl the a be 
re teachings. Fci example, as s l a 1 « d earlier, the test a d s do net nt'ce 
s s a 1 i I ? need to be in close proximity to ibe boocUg pads a a 3 can be roa 
ted tc a (Rcaticn nn the integrated circuit chip as ru tiling/ layout ti c s : g 
n preferences find expedient. The embs d i roe e t wat chosen, and described i 
n c r d e r t c best explain the principles c f the i 0 v e o t i 0 0 and its p ; a c L i c s 
1 application t c thereby enable ethers skilled i c the art to best 0 1 i I i 1 
c the invent ten in various e m b c d \ ra e a t s and * a r i c u s m u d i f i c a t i c n s as are 
suited t c the part icutar use ccateEpJates. It is- i d i e o s" e d that the a ? p e 
n d 1 6 claims be c c n s t r a e d t c i c c S u c' e c : fe s : alternative csibodi meets c f the 

1 n v e n t i c n except insofar as limited by the p 1 t q : art. 
4. BR I El 7 QE5CS1PTIGN OF THE DRAWINGS 

Figure 1 s h a v 1 2 crcff-secncnai. r. a : - a * a y vie- c f a p o r t i 0 c 6 f an 
integrated c i r c s i : d e r i c e acccroio? t r, a f i * s ! embed ira* R 1 u f ibe p r c s c .1 i 

intention: a n 3 

Figure 2 s h 0 i a e r « s $ - s e c ?. i c n a I , c u ■ - a * a v vie* of a p G r t : 3 n of an 1 
d t e g rated circuit device a c c e r d ; n « tc a second embodiment cf the p r c s e f! t 
i n t e 0 *. i c 0 . 
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1 . .Abstract 

An integrated c i : c u i t device ( ( 0 . i 0 
ads (12, L i . 42) acicss the surface 
ads (12, 1 4 . 12) can be electrical:}" 
(16. 44) in c r d e r i c |>t r f mm fundi 
cr t c b a m p b c o d i d i UrmaticD * i t h c a t 
4 2} or the h n d e r i j i c g circuitry. 
2 . Representative Dialing 
Fi gB re 1 



) is provided that has I/O bend i q g p 
cl ihe chip, where the I/O bonding p 

accessed ^ i a a d c i 1 I a r y testing pad? 
G d a ) i • f c r o t b e : necessary tests p i i 

damaging the bend ; o g pads ( 1 2 . H f 
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